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Summary
Background: Measurement of radiographic joint space width (JSW) and of joint space narrowing (JSN) is the currently recommended method
for assessment of anatomical severity and structural progression of osteoarthritis (OA), respectively. A standard radiographic view of the pelvis
is commonly used for measurement of hip OA but other views are available.
Objectives: To evaluate the intereintra reader reproducibility and the sensitivity to change of a new automated method of measurement of the
hip JSW and to assess which radiographic view [pelvis anteroposterior (AP) view, hip AP view, hip oblique view] provides the greatest accu-
racy for JSW and JSN measurements.
Material and methods: An AP pelvis radiograph, an AP radiograph centered on the target hip (AP hip) and an oblique view were performed at
baseline (M0) and 3 years later (M36) in 50 hip OA patients. Two readers, blinded to each other’s results and time sequence, measured twice,
at a minimum 15 day interval, the six radiographs of each patient, using a novel version of a previously validated software program whose
edge-based algorithm automatically detects the joint space contours. Inter-observer cross-sectional (M0þM36) and longitudinal
(M0M36) reproducibility of JSW measurement was assessed by the intra-class correlation coefﬁcient (ICC) and the BlandeAltman method.
Sensitivity to change was estimated by the standardized response mean (SRM). An ANOVA was used to analyze differences related to the
observer and the view.
Results: Intra-observer reproducibility: For JSW measurement, the ICC value, for observers 1 and 2 respectively, were 0.92 and 0.83 for the
pelvic view, 0.96 and 0.88 for the hip AP view, and 0.90 and 0.86 for the oblique view. For JSN, ICC was 0.94 and 0.82 for the pelvic view, 0.97
and 0.78 for the hip AP view, and 0.95 and 0.86 for the oblique view.
Inter-observer reproducibility: For JSW measurement, ICC was 0.87 for the pelvic view, 0.98 for the hip AP view, and 0.87 for the oblique view.
The mean inter-observer difference (SD) was 0.0 (0.31), 0.01 (0.15) and 0.04 (0.4) mm for pelvic, AP and oblique views respectively. For
JSN, ICC was 0.91 for the pelvic view, 0.93 for the hip AP view, and 0.90 for the oblique view.
Sensitivity to change: SRM values were 0.61 (observer 1) and 0.65 (observer 2) for the pelvic view, 0.68 and 0.75, respectively, for the hip AP
view, 0.64 and 0.66, respectively, for the oblique view. JSN did not vary signiﬁcantly with the observer and the view. In 27% of cases inter-
vention by the observer was necessary to correct the computer’s identiﬁcation of the acetabular edge in the area of interest.
Conclusion: Computer measurement of the radiographic hip joint space provided good intra- and inter-observer reproducibility and good sen-
sitivity to change. However, it was necessary for the observer to intervene frequently to select the area of interest and adjust detection of the
bone edge. The hip AP view performed better than the pelvis and oblique views, but not signiﬁcantly so.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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The accurate measurement of the anatomical progression
of joint damage in osteoarthritis (OA) is a major requirement
for the development of the structure-modifying drugs for OA
(SMOADs). Prevention of cartilage destruction, which is
considered the most relevant objective for SMOADs, can
be assessed by various methods but measurement of joint
space width (JSW) in standard radiographs is the currently
recommended method1e6. Measurement of JSW and of*Address correspondence and reprint requests to: Thierry
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864progression of joint space narrowing (JSN) in hip OA has
been commonly performed on AP pelvis radiographs ob-
tained in the weight-bearing position7e11. Although, on aver-
age, minimum JSW was not substantially different between
radiographs taken in the supine and weight-bearing posi-
tions in OA hips12,13, it was signiﬁcantly smaller in weight-
bearing when the minimum JSW was <2.5 mm13.
Studies reporting the reproducibility of the hip joint image
in serial ﬁlms are scarce. Minimum JSW did not differ signif-
icantly in two pelvic radiographs of the same OA hip joint
taken on the same day, even when foot rotation was mod-
iﬁed14. In another study, in which minimum JSW was mea-
sured in 100 normal asymptomatic hips that were imaged
twice in different centers and at various intervals2, the stan-
dard deviation (SD) of the difference between paired radio-
graphs was 0.25 mm. When hip JSW was measured both
manually and with the help of a computer7e12,15e20, the
865Osteoarthritis and Cartilage Vol. 17, No. 7SD of the difference between two measurements of the
same OA joint by the same observer was generally close
to 0.20 mm.
In clinical practice, acquisition of a hip radiograph relies
on the AP pelvis view in the weight-bearing position. Other
hip radiograph protocols include the AP radiograph cen-
tered on one hip (hip AP view) and the oblique view21e23
(Fig. 1), both of which require ﬂuoroscopy to center the
X-ray beam on the joint space. The latter also requires com-
plex positioning of the patient. In two studies, comparison of
the AP pelvis view with the oblique view clearly indicated
that he former misrepresented both the location and magni-
tude of minimum JSW in about 30% of the patients, partic-
ularly when migration of the femoral head was not
superolateral22,23. However, in exam of a number of other
OA hips the AP pelvis view performed better than the obli-
que view. In another study, JSW was measured with a grad-
uated magnifying lens in ﬁlms of 50 OA patients in whom
pelvis, hip AP and oblique radiographs were obtained at
baseline and 3 years later20. High intra-observer reproduc-
ibility, but less good inter-observer reproducibility, was
found regardless of the view. Over several years our group
has developed speciﬁc software for the measurement of hip
and knee JSW7,13,16,21e24. Minor adjustments in the pro-
gram have been made recently to render measurement of
JSW almost fully automated. From these modiﬁcations,
which dramatically reduce the role of the observer, one
can expect both improvement in measurement reproducibil-
ity and inter-observer variability that is comparable to the in-
tra-observer variability. In the present study theFig. 1. Detection of the minimum hip JSW using HOLY’S program. Treatm
tours. (B) Three clicks on the contour of the femoral head lead to the auto
part of the head creates a circle concentric to the precedent one which is
segment of the area to be analyzed and lead to the automated deteperformance of the modiﬁed program was assessed in the
three hip views (pelvis, hip AP and oblique) obtained from
the series of OA patients cited above20.Patients and methodsPATIENTSRadiographs were obtained from patients with hip OA (ACR criteria, mini-
mumJSW> 1 mm)enrolled ina36month, amulti-center, doubleblind, random-
ized, parallel group comparative study of the structure-modifying effects in hip
osteoarthritis of avocado/soybean unsaponiﬁables versus placebo (ERADIAS
trial). Radiographs of the ﬁrst 148 patients enrolled were selected. However,
at the time of selection only 55 of these patients had had all three views per-
formed both at baseline (M0) andmonth 36 (M36). Because the desired number
of patients was 50, four patients were excluded because their radiographswere
of to poor quality to be measured by any method (weak or excessive contrast
and/or blurred contours of the joint space, unrelated to the radiological grade
or the diseased status) and one patient was excluded at random.BLINDING OF RADIOGRAPHSTwo different lists of randomization were used to code radiographs (alpha
numeric code). The code ranged from 1 to 50 for the ﬁrst reading and from 51
to 100 for the second one. The letter A or B was randomly assigned to base-
line or end-point radiographs. Observers analyzed radiographs by pair for
each patient but were blinded to the chronologic sequence of the ﬁlms. How-
ever they were informed that radiographs identiﬁed by the same letter (A or
B) were made at the same time.RADIOGRAPHIC PROTOCOLSAll radiographs were performed in the weight-bearing position without cor-
rection for magniﬁcation. The anteroposterior (AP) radiograph of the pelvisent of the original image (A) to improve visualization of bone con-
mated detection of the head center. (C) One click below the upper
the support for bone edge detection. (D) Two clicks delineate the
ction of bone edges and of the minimum inter-bone distance.
Fig. 2. The computer screen at the moment of the measurement of the hip joint space with Holy’s.
866 T. Conrozier et al.: Computer measurement of hip joint spacewas performed using a conventional procedure, with the feet of the patient
internally rotated and the toes at 15þ 5, the X-ray beam horizontal, perpen-
dicular to the ﬁlm and centered on the top of the pubic symphysis. The hip AP
view was made with similar positioning of the patient but under ﬂuoroscopy to
center the X-ray beam on the hip joint space. The oblique view was obtained
by positioning the patient perpendicularly to the table, with the feet parallel to
the table. The X-ray beam was horizontal and aligned with the superior as-
pect of the pubic symphysis. The patient was then asked to rotate the pelvis
externally (approximately 25) in order to rotate the pelvis 65 relatively to the
table without rotation of the feet25. The hip closer to the ﬁlm was the one ex-
amined. Positioning was considered technically adequate when the distance
between the two femoral heads, as assessed on the ﬂuoroscopy screen, was
approximately the diameter of one femoral head.MEASUREMENT OF JSW (FIG. 1)Table I
Baseline characteristics of the patients
Age, mean (SD), years 60.2 (9.6)
Sex, male/female % 58/42%
Body mass index (SD), Kg/m2 26.6 (4.5)
Disease duration (SD), years 4.4 (4.0)
KL grade on pelvis view: 0/I/II/III/IV 2/4/4/38/2
KL grade on hip AP view: 0/I/II/III/IV 2/4/4/38/2
KL on oblique view: 0/I/II/III/IV 2/4/2/41/1Films were digitized in a BMP format at a resolution of 300 ppi (0.08 mm
pixel size) using an Epson Expression 10000 XL scanner, with16 bits grey
scale depth and were recorded in CD-Rom. Measurements were made by
two observers (EV, TC) using software that was specially developed for mea-
surement of JSW with a program (HOLY’s, Lyon, France) that offers auto-
matic detection of the bone edges of the joint in an area selected by the
observer. This region of interest (ROI) is a large portion of the joint space
that includes the minimum JSW. This area is analyzed at 2 mm intervals in
slices perpendicular to a delineated contour (ROI). The algorithm relies on
calculation of the intensity of each pixel in the slices and selection of the
best line of bone edge (highest gradient) among all possible combinations.
The role of the reader is limited to the following: (1) determination of the
center of the femoral head by placing three points on its contour [Fig. 1(B)]
and one point below the upper part of the head that creates a circle concen-
tric to the precedent one [Fig. 1(C)]. This circle is then used as a support for
the automated detection of both the femoral head and the acetabular bone
edges, (2) selection of the ROI within which the measurement will be per-
formed [Fig. 1(D)]. The minimum inter-bone distance is then obtained auto-
matically and is visualized on the screen. The procedure is visualized step
by step and adjusted, if necessary, by the observer. Control of accuracy in
bone edge detection is improved by magniﬁcation and, if necessary, by im-
age processing. For radiographs of good quality, no intervention by the ob-
server is needed; however if detection of the acetabulum edge by the
computer is imprecise, it must be ﬁnely adjusted by the observer. Once
the measurement is ‘‘frozen’’, recorded data (JSW, date and hour of mea-
surement, name of the observer) cannot be modiﬁed and are automatically
transferred from HOLY’s into an Excel ﬁle.
Each observer measured JSW twice over a minimum interval of 15 days.
When the second radiograph of a pair was analyzed, the earlier image wasdisplayed in a corner of the screen, to ensure that the new measurement was
made at the same location (Fig. 2). However the reader remained blinded to
sequence. One observer (EV) also recorded the location of minimum JSW
(superior, superolateral, superomedial, global, anterosuperior, posterosupe-
rior, posteroinferior) and the Kellgren and Lawrence (KL) grade.STATISTICAL ANALYSISThe results of JSW measurements for each view and for each observer at
M0 and M36 were examined. The difference in JSW between M0 and M36
(JSN) was calculated for each patient. The number of patients with
JSN> 0.3 mm was presented for each view. Intra-observer reproducibility
(at M0 and M36) was assessed by calculating the mean and SD of the differ-
ence between the two readings and the intra-class coefﬁcients of correlation
(ICC). The smallest detectable difference (SDD) unrelated to error in mea-
surement (i.e., 2 SD of the mean difference between two readings) was cal-
culated for each view. Analysis of variance (ANOVA) was used to evaluate
differences related to the reading, the view and the observer. Sensitivity to
change was estimated from the mean and SD of JSN and by the standard-
ized response mean (SRM). ANOVA was used to analyze differences in
measurements related to the observer, the radiological view and the chrono-
logic sequence of the ﬁlm. Inter-observer reproducibility for JSW and for JSN
was also evaluated by ICC. Statistical analysis was performed with SAS 8.02
and SPSS version 8.Results
The characteristics of the patients are summarized in
Table I. The topography of maximum JSN is shown in
Table II
Location of minimum joint space width (minJSW) at baseline in pelvis, AP hip and oblique views
minJSW views No narrowing Superior Superolateral Superomedial Superoanterior Posteroinferior Posterosuperior
Pelvis 1 9 31 9 0 0 0
Hip AP 1 9 31 9 0 0 0
Oblique 2 10 0 0 30 2 6
867Osteoarthritis and Cartilage Vol. 17, No. 7Table II. In most cases the location of maximum JSN
(ROI) was obvious and JSW measurement could be ac-
complished fully automatically in 73% of the cases. How-
ever, in 27% of patients intervention by the observer
was necessary in at least one view (mainly for oblique
views) to select the area of interest and/or adjust the
computer’s delineation of the acetabular edge. Selection
of the ROI was also slightly observer-dependent since it
varied with the observer in 14% of cases.INTRA-OBSERVER REPRODUCIBILITY OF JSW
MEASUREMENTIntra-observer reproducibility was evaluated by two read-
ings of the 50 M36-radiographs for each view. These were
expected to offer a wider range of JSW than the baseline
ﬁlms because JSW> 1 mm was an inclusion criteria for
the study and JSW was expected to decrease in some pa-
tients during the study. Results are shown in Table III.
Based on the readings of one observer, reproducibility of
JSW was slightly better in the hip AP view than in the other
views but, based on the readings of the second observer, it
was slightly less good in the oblique view. However, analy-
sis of all data by ANOVA did not demonstrate any signiﬁ-
cant difference in relation to the view (P¼ 0.51) or the
observer (P¼ 0.74). The correlation was better between
pelvic and hip views (R¼ 0.97) than between pelvic and ob-
lique (R¼ 0.66) or between hip and oblique (R¼ 0.68)
views (Fig. 3).SENSITIVITY TO CHANGEMean JSN over 3 years (range¼ 0.40e0.48 mm) was
signiﬁcant for both observers and for each of the three
views (P< 0.0001, Table IV). The SRM for the pelvic, hip
AP and oblique views was 0.60, 0.67 and 0.64, respec-
tively, for the ﬁrst observer and 0.62, 0.73 and 0.70 for
the second observer. Sensitivity to change was slightly bet-
ter for the hip AP view than for the other views. However,
analysis of all data by ANOVA demonstrated no signiﬁcant
difference between observers (P¼ 0.55) or view (P¼ 0.21).
The SDD for the pelvic, the hip AP and the oblique view, re-
spectively, was 0.48, 0.32 and 0.46 for observer 1, and
0.56, 0.54 and 0.82 for observer 2. Accordingly, the per-
centage of ‘‘progressors’’ (patients with JSN> SDD), for
the pelvis, hip AP and oblique views was 28, 34 andTable I
JSW (mm) in 50 patients with hip OA (M36-radiographs). Mean and SD a
difference between readings (JSW 1e2) and intra-obs
Observer 1
JSW 1
mean (SD)
JSW 2
mean (SD)
JSW 1e2
mean (SD)
ICC
Pelvis 1.81 (0.88) 1.89 (0.88) 0.07 (0.18) 0.97
Hip AP 1.86 (0.89) 1.92 (0.92) 0.05 (0.13) 0.99
Oblique 1.80 (0.90) 1.83 (0.89) 0.03 (0.16) 0.9830%, respectively, for observer 1 and 24, 30 and 26% for
observer 2.
The mean difference (SD) between the ﬁrst and the sec-
ond reading was 0.02 (0.20) (P¼ 0.56) for observer 1 and
0.28 (0.76) (P¼ 0.011) for observer 2. The intra-observer
ICC for JSN in pelvis, AP hip and oblique views was, re-
spectively, 0.94, 0.97 and 0.95 for observer 1 and 0.82,
0.78 and 0.80 for observer 2.INTER-OBSERVER REPRODUCIBILITYThe mean difference (SD) between the two observers
with respect to JSW measurements was 0.1 (0.32) mm,
0.04 (0.31) mm and 0.05 (0.38) mm for the pelvic, AP hip
and oblique view, respectively. The Bland and Altman plot
for JSW measurements from AP hip view is shown in
Fig. 4. Results of the inter-observer ICC for JSW and
JSN, for each view are given in Table V.Discussion
Most therapeutic trials that use JSN as the main outcome
criterion have been conducted in patients with knee OA.
Considerable efforts have been made to improve the repro-
ducibility of JSW measurements in the knee2e6. Major im-
provements in automated measurement of knee JSW
have been made, resulting in a 0.02 mm SD of the differ-
ence between two readings of the same radiograph by
the same observer and by different observers6. However,
inherent to the difﬁculty in perfect repositioning of the
knee joint, the reproducibility of JSW measurement in serial
radiographs of the same normal knee was much less good,
with the SD of the difference between readings of separate
exams being close to 0.25 mm6.
An earlier validation study indicated that measurement of
a distance between two lines with the previous Holy’s pro-
gram was highly reproducible and accurate with a precision
of 0.01 mm (unpublished data). Measurement of JSW in the
hip with the new version offers several advantages: when
the detected bone edge of the acetabulum does not need
to be adjusted the time for a measurement is dramatically
reduced to about 15 s. When observer intervention is nec-
essary the average total time needed to perform the mea-
surement ranges from 30 to 45 s. The intervention of the
reader, whose main role is to select the ROI and verifyII
ccording to the observer, the measurement (1 and 2) and the view,
erver intra-class coefficient of correlation (ICC)
Observer 2
JSW 1
mean (SD)
JSW 2
mean (SD)
JSW 1e2
mean (SD)
ICC
1.80 (0.85) 1.84 (0.85) 0.03 (0.31) 0.93
1.82 (0.89) 1.86 (0.87) 0.03 (0.33) 0.93
1.85 (0.89) 1.73 (0.96) 0.11 (0.49) 0.86
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868 T. Conrozier et al.: Computer measurement of hip joint spacethe adequacy of detection of the bone edges, is markedly
reduced.
It also provides good documentation of the examination,
since date, time and identiﬁcation of the observer for each
measurement are recorded. Once they are validated, the
image and parameters of measurement cannot be modiﬁed.
Measurements are automatically recorded and are trans-
ferred into an Excel ﬁle, preventing transcription errors.
The present computer measurement of hip JSW offered
good intra-observer reliability and good sensitivity to
change over the 3 year follow-up, similar to that of the man-
ual method20. For the better of the two observers, SD
ranged from 0.16 to 0.24 mm, resulting in SDD of 0.32
and 0.48 mm. Therefore, the inter-observer reproducibility
of this computer method was much better than that obtained
with the manual measurement20. In the present study, as an
index of sensitivity to change, JSN was close to 0.15 mm
per year, which is in the range of similar reported
studies7e11.
The present program has been built to obtain automated
detection of the articular bone margins of the hip joint. Mag-
niﬁcation and processing of the images were regularly used
to ensure that the bone margins were adequately detected
by the computer. All these sophistications explain the re-
markable inter-observer reproducibility. Nonetheless, this
computer measurement of hip JSW remains less reproduc-
ible than that of the knee JSW. In fact, modiﬁcation of the
macro-command for knee JSW led to nearly perfect reliabil-
ity in measurement of the image (SD of the difference be-
tween two readings of the same knee by the same
observer or by different observers <0.02 mm)6.
In the present study, performance of computer measure-
ment of hip JSW was limited by the frequent need for ob-
server intervention. Due to individual anatomical
characteristics of the hip but, more frequently, to poor qual-
ity of the radiograph the contour of the acetabulum wasTable IV
JSN (JSN¼ difference between JSW at M0 and M36) and standard-
ized response mean (SRM) according to the view. Mean and SD in mm
Observer 1 Observer 2
JSN (SD) mm P JSN (SD) mm P
Pelvis 0.42 (0.69) <0.0001 0.43 (0.69) <0.0001
Hip AP 0.43 (0.64) <0.0001 0.48 (0.65) <0.0001
Oblique 0.42 (0.65) <0.0001 0.40 (0.57) <0.0001sometimes not adequately detected. In such cases, the ob-
server had to delineate the contour of the pelvis. For this
reason, it is important to obtain X-rays of high quality and
to take care in the digitization procedure (BMP, Tif or DI-
COM format more suitable than JPEG, 300 dpi minimum,
good centring). Observer intervention was not trivial; minor
modiﬁcation in the location of the pelvis contour by the ob-
server could easily lead to a 0.20e0.30 mm change in JSW.
Thus, in about a quarter of patients the measurement was
not fully automated for at least one view, and was per-
formed by the reader in a manner similar to that employed
in the manual method20.
Another limitation of this computer method relates to se-
lection of the area to be measured. When minimum JSW
was obvious and was clearly located in a well-identiﬁed re-
gion of the joint space, the observers measured the same
minimum inter-bone distance as recognized by the com-
puter. However, when the site of maximum JSN was un-
clear, the observer did not necessarily select the area of
minimum JSN detected by the computer. In that case, the
minimum JSW selected was not necessarily the true mini-
mum inter-bone distance (particularly in case of the pres-
ence of an osteophyte of the fovea and/or the lunate
articular surface) but was the minimum width in a ROI.
In those instances, selection of the ROI was observer-de-
pendent and varied with the observer in 14% of cases. This
explains some inter-observer differences in JSW measure-
ment that were close to 0.5 mm in two cases (Fig. 4). Nota-
bly, reproducibility of measurements and sensitivity to-0.5
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Fig. 4. Inter-observer reproducibility of JSW measurement from AP
hip radiographs: Bland and Altman plotting method.
Table V
Inter-observer reproducibility of JSW at M36 and JSN measurements and standardized response mean (SRM) according to the radiographic view
View Observer Inter-observer
reproducibility
JSW M36 ICC
Inter-observer
reproducibility
JSN M0eM36 ICC
Sensitivity
to change
SRM
Pelvis 1 0.87 [0.78e0.93] 0.91 [0.85e0.95] 0.61
2 0.65
AP HIP 1 0.98 [0.96e0.99] 0.93 [0.88e0.96] 0.68
2 0.75
Oblique 1 0.87 [0.77e0.93] 0.90 [0.82e0.94] 0.64
2 0.66
869Osteoarthritis and Cartilage Vol. 17, No. 7change did not differ signiﬁcantly with the observer. About
60% of the differences between observers were
<0.08 mm, i.e., below the size of a pixel. This very high in-
ter-observer reproducibility may be very useful in longitudi-
nal studies of SMOADs, insofar as it permits measurement
of serial images by different readers without compromising
the results.
The second objective of this study was the evaluation of
the performance of three different radiographic views of the
hip. Measurements of JSW in the pelvis and hip AP views
were similar and were highly correlated; in comparison,
measurements of JSW in pelvic and oblique views were
less well correlated. In 27% of patients JSW was much
smaller (<0.4 mm) or much larger (>0.4 mm) in the oblique
than in the pelvis radiographs. This is in agreement with
previous reports indicating that magnitude of minimum
JSW was misrepresented in either the pelvis or in the proﬁle
view in about 30% of patients26,27.
The hip AP view performed slightly better than the pelvis
and the oblique view with respect to in reliability and sensi-
tivity to change. The difference between hip AP and pelvis
views was explained by the generally better quality of the
radiograph in the latter, possibly because of the require-
ment for ﬂuoroscopy for the latter view. The difference be-
tween AP and oblique views was explained by the quality
of hip positioning, which is rather difﬁcult for the oblique
view. However, repositioning of the joint was good in all
three views, based on the observation that an increase in
JSW> 0.20 mm at follow-up was found in only 4% of ﬁlms
obtained with each protocol (P> 0.5).
In summary, this study demonstrates that this new soft-
ware package for measurement of radiographic hip joint
space provides several major advantages over other
measurement methods. It has good sensitivity to change,
offers much better inter-observer reproducibility than the
manual method and, most important, guarantees perfect
traceability and objectivity of the values, which appear
to be essential for obtaining credible in clinical trials of
structure-modifying drugs. The main limitation in perfor-
mance of the JSW measurement is the rather frequent
need for intervention by the observer to select the area
of interest and adjust detection of the acetabular edge,
particularly in the oblique view.Conﬂict of interest
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